ABSTRACT. Previous reports identified an association between sarcoidosis and an insertion/deletion (I/D) polymorphism in angiotensin-converting enzyme. Our meta-analysis of articles published between March 1996 and June 2013 identified studies in the PubMed, EMBASE, and the China National Knowledge Infrastructure databases. We examined whether angiotensin-converting enzyme polymorphisms influence sarcoidosis susceptibility. The strength of the association between I/D polymorphisms and sarcoidosis risk was measured based on the odds ratio and 95% confidence interval. Analysis was based on recessive and dominant models. Ethnic subgroup analysis from 18 articles (1882 cases and 3066 controls) showed that DD homozygote carriers were at a slightly increased risk of sarcoidosis compared with II homozygotes and DI heterozygotes (P = 0.03). Comparison of DD plus DI vs II revealed no significant association with sarcoidosis in group ACE gene and sarcoidosis and ethnic subgroup analysis. We found that the I/D polymorphism in the angiotensin-converting enzyme gene was not associated with a major risk of sarcoidosis.
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INTRODUCTION
Sarcoidosis is a chronic systemic inflammatory disorder characterized by the accumulation of CD4 + T lymphocytes and macrophages, as well as the presence of non-caseating epithelioid granulomas in the affected organs [Newman et al., 1997; American Thoracic Society (ATS) et al., 1999] . Although it has been hypothesized that there may be an infectious or environmental etiology to sarcoidosis (Saidha et al., 2012) , the cause of this disease remains obscure. Evidence of familial and ethnic clustering strongly suggests that a genetic predisposition exists (Rybicki et al., 1997a) . Numerous studies have focused on the role of genetic factors in the susceptibility to sarcoidosis (Iannuzzi, 2007; Kieszko et al., 2010; Suzuki et al., 2012; Pabst et al., 2013) . Among these factors, the angiotensin-converting enzyme (ACE) gene is one of the most extensively studied. ACE is a metallopeptidase found in many tissues of the body, including endothelial cells, which function predominantly to convert angiotensin I to angiotensin II and inactivate bradykinin (Bernstein et al., 2013) . ACE is also present in the epithelioid cells of granulomas, and approximately 50-60% of patients with sarcoidosis have increased serum levels of ACE; thus, an ACE assay is the most widely used laboratory test for sarcoidosis. In both healthy individuals and patients with sarcoidosis, 38-47% of phenotypic variations in serum ACE levels are accounted for by the insertion (I) or deletion (D) of a 287-bp sequence in intron 16 of the ACE gene, with the DD genotype associated with higher levels of ACE. Numerous studies worldwide have investigated the potential association between this polymorphism and sarcoidosis, but the results have been inconsistent.
To further explore whether such an association exists, Medica et al. (2007) performed a meta-analysis of 12 case-control studies published before March 2005 that examined the relationship between ACE genetic polymorphisms and sarcoidosis. The results of their analysis suggested that the risk of sarcoidosis was not substantially influenced by the ACE genotype. However, the number of included studies was relatively small, and a subgroup analysis based on ethnicity was not conducted. However, a more recent meta-analysis by Song et al. (2013) , extending the number of studies to 17 (1556 cases and 2381 controls), found contrasting results. These authors found a significant association between sarcoidosis and the D allele of the ACE gene; furthermore, comparisons with a recessive model (DD vs DI + II) revealed a small but significant increase in sarcoidosis susceptibility with the DD genotype (odds ratio [OR] = 1.251). Interestingly, the authors also carried out subgroup analysis by ethnicity and determined that the DD + DI genotypes (i.e., a dominant model) were associated with sarcoidosis in East Asians [OR = 1.342; 95% confidence interval (CI) = 1.041-1.729], whereas the DD genotype (i.e., recessive model) was associated with sarcoidosis in Europeans (OR = 1.215; 95%CI = 1.070-1.463).
Because additional relevant studies have been published that were not included in either of these conflicting analyses, we examined whether ACE genetic polymorphisms were associated with an increased risk of sarcoidosis by performing a meta-analysis of all eligible studies published between March 1996 and June 2013. 
MATERIAL AND METHODS

Search strategy
We systematically searched the PubMed, EMBASE, and China National Knowledge Infrastructure electronic databases to identify articles published between March 1996 and June 2012 that evaluated the association between polymorphisms of the ACE gene and sarcoidosis risk. Two independent researchers (R. Zhu and L.Q. Bi) conducted literature searches using the following search terms: "sarcoidosis" and "angiotensin-converting enzyme" or "ACE" in combination with "polymorphism", "mutation", or "variant". All languages were included, and special consideration was given to case-control studies. To avoid the potential loss of any relevant article, an additional search was performed of the references cited in the identified articles using the "related articles" link. Any discrepancies were resolved through discussion, with arbitration by a third author if necessary.
Study selection
The studies included in our meta-analysis met the following inclusion criteria: 1) the study examined the association between the ACE I/D gene polymorphism and sarcoidosis; 2) the study was a case-control trial; 3) the diagnosis of sarcoidosis was made in accordance with established criteria: a compatible clinical and radiological picture; histological demonstration of non-caseating granulomas in 1 or more tissues, with negative stains and cultures for mycobacteria and fungi or a positive Kveim test; exclusion of other granulomatous disease; and genotype frequencies were reported; 4) the genotype distributions in both cases and controls were available for estimating an OR with a 95%CI. The following studies were excluded: 1) studies reporting allele frequencies; 2) repeat or overlapping publications; 3) abstracts, letters, editorials, reviews, and congress communications.
Data extraction
Two authors (R. Zhu and L.Q. Bi) independently assessed all potentially relevant studies and reached a consensus on all items. Any discrepancies were resolved through discussion, with arbitration by a third author if necessary. The following data were collected from each study: first author, publication year, ethnicity of cases and controls, total number of cases and controls, ages of cases and controls, genotyping methods, and genotype distributions in cases and controls. Furthermore, information required to test Hardy-Weinberg equilibrium was extracted, or calculated manually if unavailable.
Statistical analysis
For each study, we first examined whether the genotype distribution in the controls was in Hardy-Weinberg equilibrium using the open-source Review Manager version 4.2.10 software (http://www.cc-ims.net/RevMan/download/revman-4) and the STATA 10.0 software (http://www.stata.com; Stata Corporation, College Station, TX, USA).
The strength of the association between the I/D polymorphism and sarcoidosis risk was measured by determining the OR and 95%CI. The statistical significance of the summary OR was determined using a Z-test. Analysis was first carried out based on a recessive model (DD vs DI + II) and a dominant model (DD + DI vs II). Heterogeneity was evaluated using a c 2 -based Q statistic, and was considered to be statistically significant when the P value was <0.10. When the P value was >0.10, the pooled OR for each study was calculated using a fixed-effect model; otherwise, a random-effect model was used. The significance of the pooled ORs was determined using a Z-test, and P < 0.05 was considered to indicate statistical significance. Subgroup analyses were performed by ethnic group to evaluate ethnicity-specific effects. Sensitivity analysis was performed by sequentially excluding individual studies to assess the stability of the results. Publication bias was assessed by visual inspection of asymmetry in funnel plots, and the use of Begg and Egger tests (Zhang et al., 2010) . All statistical analyses were performed using Review Manager 4.2 and STATA 10.0 softwares.
RESULTS
Literature search
The primary literature search initially identified 61 potentially eligible studies. Thirtysix articles were excluded after screening the titles and abstracts because they were either review articles, editorials, or irrelevant to the current study. Of the remaining 25 full-text articles (Arbustini et al., 1996; Furuya et al., 1996; Császár et al., 1997; Sharma et al., 1997; Tomita et al., 1997; Xu et al., 1997; Garrib et al., 1998; Maliarik et al., 1998; Niimi et al., 1998; Takemoto et al., 1998; Pietinalho et al., 1999; Stokes et al., 1999; Papadopoulos et al., 2000; McGrath et al., 2001; Ruprecht et al., 2001; Schürmann et al., 2001; Planck et al., 2002; Alía et al., 2005; Biller et al., 2006; Kruit et al., 2007; Salobir et al., 2007; Tahir et al., 2007; Biller et al., 2009; Kruit et al., 2010; Yilmaz et al., 2012) , 2 lacked controls (Stokes et al., 1999; Schürmann et al., 2001) , and 2 did not examine patients with sarcoidosis (Ruprecht et al., 2001; Biller et al., 2006) ; these 4 articles were thus excluded. An additional 3 articles (Császár et al., 1997; Niimi et al., 1998; Kruit et al., 2007) were also excluded because of incomplete reporting of data. Therefore, a total of 18 articles (20 case-control studies, including 1882 cases and 3066 controls) were included in the current meta-analysis examining the association between the I/D polymorphism of the ACE gene and susceptibility to sarcoidosis (Arbustini et al., 1996; Furuya et al., 1996; Sharma et al., 1997; Tomita et al., 1997; Xu et al., 1997; Garrib et al., 1998; Maliarik et al., 1998; Takemoto et al., 1998; Pietinalho et al., 1999; Papadopoulos et al., 2000; McGrath et al., 2001; Planck et al., 2002; Alía et al., 2005; Salobir et al., 2007; Tahir et al., 2007; Biller et al., 2009; Kruit et al., 2010; Yilmaz et al., 2012) (Figure 1) . The characteristics of each case-control study are listed in Table 1 , and the genotype and allele distributions for each study are detailed in Table 2 . With regard to the ethnicities of the participants, 6 studies were in Asian subjects (Furuya et al., 1996; Tomita et al., 1997; Xu et al., 1997; Takemoto et al., 1998; Tahir et al., 2007; Yilmaz et al., 2012) , 13 in Caucasian subjects (Arbustini et al., 1996; Sharma et al., 1997; Garrib et al., 1998; Maliarik et al., 1998; Pietinalho et al., 1999; Papadopoulos et al., 2000; McGrath et al., 2001 (one from UK, one from Czech Republic); Planck et al., 2002; Alía et al., 2005; Salobir et al., 2007; Biller et al., 2009; Kruit et al., 2010) , and 1 in African-American subjects . The genotypic distributions of the control groups in each study were in Hardy-Weinberg equilibrium, with c 2 < 3.84 (P > 0.05). 
All-studies synthesis
As shown in Figure 2 , we analyzed the heterogeneity of the recessive model (DD vs DI + II) for all 20 studies using a random-effect model, and determined that the c 2 value was 43.83, with 19 degrees of freedom and P = 0.001. The I 2 value, used as another index of heterogeneity, was 56.7%, suggesting moderate heterogeneity. Therefore, we selected a random-effect model to synthesize the data. For the recessive model (DD vs DI + II), the OR was 1.28 (95%CI = 1.03-1.60) and the Z value for an overall effect was 2.22 (P = 0.03; Figure 2 ). Thus, there was a small but significant association between the DD genotype and sarcoidosis susceptibility. The data for the dominant model (DD + DI vs II) are presented in Figure 3 : the OR was found to be 1.09 (95%CI = 0.84-1.41) (P > 0.05), indicating a lack of significant association. 
Subgroup analysis
In subgroup analysis by ethnicity, no significant increased risks were found in Asian (OR = 1.65; 95%CI = 0.94-2.91; P = 0.08) or Caucasian (OR = 1.10; 95%CI = 0.90-1.33; P = 0.35) subjects in the recessive model (DD vs DI + II) (Figure 4) . It therefore appears that the DD ACE gene polymorphism does not increase the risk of sarcoidosis in Caucasian or Asian populations. 
Publication bias
Publication bias was assessed using Begg's funnel plot and the Egger test. The shape of the funnel plots appeared symmetrical for the recessive model (DD vs DI + II) comparison, suggesting an absence of publication bias. The Egger test, used to determine statistical evidence of funnel plot asymmetry, also indicated a lack of publication bias in the current metaanalysis (t = 0.6048, degrees of freedom = 18, P = 0.55; Figure 5 ). 
Sensitivity analysis
To assess the stability of the results of the current meta-analysis, sensitivity analysis was conducted by sequentially excluding each study. Statistically similar results were obtained after sequential exclusion of each study, indicating stability.
DISCUSSION
ACE is expressed in numerous different tissues of the body, including the vascular endothelium, and through the synthesis of angiotensin II from angiotensin I, it plays an important role in regulating vascular smooth muscle and thus blood pressure (Bernstein et al., 2013) . ACE is also expressed by the epithelioid cells of granulomas, and its levels reflect sarcoidosis activity. Although ACE polymorphisms are known to influence ACE levels, previous studies have provided inconsistent conclusions regarding whether an association exists between these polymorphisms and sarcoidosis. Numerous studies conducted in the United Kingdom, United States, Finland, Sweden, Czech Republic, Spain, Germany, and the Netherlands have reported no differences in the distribution of ACE genotypes between patients with sarcoidosis and healthy controls (Sharma et al., 1997; Garrib et al., 1998; Maliarik et al., 1998; Pietinalho et al., 1999; Papadopoulos et al., 2000; McGrath et al., 2001; Planck et al., 2002; Alía et al., 2005; Biller et al., 2009; Kruit et al., 2010) . In contrast, several other studies found that ACE D/I gene polymorphisms may increase the risk of sarcoidosis, including a study of female Japanese patients with sarcoidosis (Furuya et al., 1996) , as well as studies in Chinese (Xu et al., 1997) , Slovenian (Salobir et al., 2007) , Asian Indian (Tahir et al., 2007) , and Turkish populations (Yilmaz et al., 2012) . In the USA, the incidence of sarcoidosis is higher in African-Americans than in Caucasians (Rybicki et al., 1997b , and the ACE genotype may play a more important role in the susceptibility to and progression of sarcoidosis in African-Americans. This implies that ethnicity may modulate the influence of ACE gene polymorphisms on the pathophysiology of sarcoidosis. The variation between studies examining the relationship between ACE gene polymorphisms and sarcoidosis susceptibility may have arisen from ethnic differences or from small sample sizes that lacked sufficient statistical power to detect a modest effect.
The meta-analysis of Medica et al. (2007) concluded that there was no association between ACE gene polymorphisms and sarcoidosis. However, these authors did not conduct subgroup analysis by ethnicity, and the number of articles included was small. In contrast, a more recent meta-analysis (Song et al., 2013) that included a greater number of studies and carried out subgroup analysis by ethnicity yielded conflicting results: the dominant model (DD + DI vs II) revealed an association with sarcoidosis in East Asians (OR = 1.342), while the recessive model (DD vs DI + II) showed an association both overall (OR = 1.342) and in Europeans (OR = 1.215).
The present meta-analysis included 20 studies (1882 cases and 3066 controls), and the results of the all-studies synthesis were consistent with those of Song et al. (2013) . The summary ORs for the dominant genetic model did not show a significant association between ACE gene I/D polymorphisms and sarcoidosis risk, whereas a significant association was found for the recessive model. Subgroup analysis to assess the effects of ethnicity revealed that in both Asian and Caucasian populations, DD homozygote carriers did not exhibit a statistically significant increased risk of sarcoidosis. This contrasts with the data presented by Song et al. (2013) . Because our meta-analysis included only 1 study carried out in an African-American population, additional research is warranted in this cohort to establish whether as association exists between the ACE genotype and sarcoidosis. Possible gender differences should also be further examined, as it has been reported that ACE2 may be involved in the progression of pulmonary sarcoidosis, and that this may depend on gender (Kruit et al., 2005) .
Our meta-analysis has some limitations. First, a key potential limitation to any literature-based review and meta-analysis is reporting bias; although no obvious publication bias was observed in our study, it is not possible to rule this out entirely. Second, the number of patients with Asian or African-American ethnicities included in our analysis was relatively small, limiting the conclusions that may be drawn in these populations. Third, only published studies identified in the selected electronic databases were included in this study; this may also bias the results, as the exclusion of additional relevant data available from other sources may have occurred.
In conclusion, this meta-analysis supports the hypothesis that the ACE I/D polymorphism is not an important susceptibility marker in Caucasian and Asian individuals. However, the role of ACE polymorphisms in African-Americans remains unclear because of the small number of studies available for this ethnic group. Additional case-control studies should be conducted in large-scale cohorts to further investigate the association between ACE I/D polymorphisms and sarcoidosis risk in different ethnic groups.
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